Klinefelter's syndrome is the most common Klinefelter's syndrome is the most common sex chromosome disorder, affecting sex chromosome disorder, affecting approximately 1 in 400-800 men. It is approximately 1 in 400-800 men. It is characterised by an additional X chromocharacterised by an additional X chromosome, leading to the 47,XXY karyotype. some, leading to the 47,XXY karyotype. This aneuploidy results in a variety of phenoThis aneuploidy results in a variety of phenotypes, including hypogonadism, androgen types, including hypogonadism, androgen deficiency and infertility (Lanfranco deficiency and infertility (Lanfranco et al et al, , 2004) . Although the primary focus in clini-2004) . Although the primary focus in clinical research has been on the physical phenocal research has been on the physical phenotypes of these men, there is an awareness of types of these men, there is an awareness of neuro-anatomical, cognitive and behavioural neuro-anatomical, cognitive and behavioural abnormalities (Lanfranco abnormalities (Lanfranco et al et al, 2004; Shen , 2004; Shen et al et al, 2004) . Specific impairments in verbal , 2004) . Specific impairments in verbal skills, a high incidence of dyslexia and skills, a high incidence of dyslexia and social dysfunctioning are among the most social dysfunctioning are among the most consistently reported behavioural phenoconsistently reported behavioural phenotypes (Lanfranco types (Lanfranco et al et al, 2004) . In a recent re-, 2004) . In a recent review Lanfranco view Lanfranco et al et al (2004) concluded that (2004) concluded that it remains unclear whether this syndrome it remains unclear whether this syndrome can be associated with psychiatric disturbcan be associated with psychiatric disturbances; however, many of the abnormalities ances; however, many of the abnormalities in Klinefelter's syndrome resemble those in Klinefelter's syndrome resemble those in schizophrenia. For example, structural in schizophrenia. For example, structural magnetic resonance imaging (MRI) studies magnetic resonance imaging (MRI) studies have reported smaller whole-brain volumes, have reported smaller whole-brain volumes, enlarged lateral ventricles and volume reducenlarged lateral ventricles and volume reductions of the superior temporal gyrus, amygtions of the superior temporal gyrus, amygdala, hippocampus, insula and cingulate in dala, hippocampus, insula and cingulate in men with this syndrome (Shen men with this syndrome (Shen et al et al, , 2004) . Support for the hypothesis that sex 2004). Support for the hypothesis that sex chromosomes may have a role in the chromosomes may have a role in the development of schizophrenia is derived development of schizophrenia is derived from studies showing that men are affected from studies showing that men are affected by the disease more often than women and by the disease more often than women and at an earlier age (Aleman at an earlier age . , 2003) . Case studies have been published Case studies have been published describing patients with Klinefelter's describing patients with Klinefelter's syndrome and schizophrenia, and reporting syndrome and schizophrenia, and reporting higher rates of Klinefelter's syndrome higher rates of Klinefelter's syndrome among people with schizophrenia (DeLisi among people with schizophrenia (DeLisi et al et al, 1994) . Studies of psychiatric path-, 1994) . Studies of psychiatric pathology in Klinefelter's syndrome have been ology in Klinefelter's syndrome have been limited to psychiatric samples; there has limited to psychiatric samples; there has been no systematic report of levels of been no systematic report of levels of schizophrenia psychopathology in a large schizophrenia psychopathology in a large sample of people with Klinefelter's syndrome sample of people with Klinefelter's syndrome unselected for psychiatric disorders. Also, a unselected for psychiatric disorders. Also, a biological-genetic vulnerability to schizobiological-genetic vulnerability to schizophrenia may be investigated not only using phrenia may be investigated not only using dichotomous, diagnostic outcomes, but dichotomous, diagnostic outcomes, but also using dimensional measures of also using dimensional measures of schizophrenia-spectrum symptoms, which schizophrenia-spectrum symptoms, which are more sensitive measures of vulnerability are more sensitive measures of vulnerability to schizophrenia. Schizophrenia-spectrum to schizophrenia. Schizophrenia-spectrum phenotypes share common cognitive, phenotypes share common cognitive, neuro-anatomical and genetic characteristics neuro-anatomical and genetic characteristics with the severe schizophrenia phenotype. with the severe schizophrenia phenotype. Our study tested the hypothesis that Our study tested the hypothesis that increased levels of schizophrenia-spectrum increased levels of schizophrenia-spectrum pathology are present in people with pathology are present in people with Klinefelter's syndrome. Klinefelter's syndrome.
METHOD METHOD
Thirty-two men with Klinefelter's synThirty-two men with Klinefelter's syndrome (mean age 38.8 years, s.d. drome (mean age 38.8 years, s.d.¼8.1) 8.1) and 26 healthy controls (mean age 35.0 and 26 healthy controls (mean age 35.0 years, s.d. years, s.d.¼9.0), matched for age, years of 9.0), matched for age, years of education and intellectual ability, particieducation and intellectual ability, participated in the study. The Klinefelter group pated in the study. The Klinefelter group was recruited from the Dutch Klinefelter was recruited from the Dutch Klinefelter Association and not selected for psychoAssociation and not selected for psychological or behavioural abnormalities; the logical or behavioural abnormalities; the psychiatry department was not mentioned psychiatry department was not mentioned during recruitment. Diagnosis of Klinefelter's during recruitment. Diagnosis of Klinefelter's syndrome was confirmed by karyotyping syndrome was confirmed by karyotyping using standard techniques. Analysis of 32 using standard techniques. Analysis of 32 cells per individual indicated non-mosaicism cells per individual indicated non-mosaicism in this group. Twenty-six of the men with in this group. Twenty-six of the men with this syndrome received testosterone supplethis syndrome received testosterone supplementation. The mean age at onset of treatmentation. The mean age at onset of treatment was 27.8 years (s.d. ment was 27.8 years (s.d.¼7.6). The 7.6). The control group was recruited by advertcontrol group was recruited by advertisement. None of the control group met isement. None of the control group met criteria for an Axis I psychiatric disorder, criteria for an Axis I psychiatric disorder, as shown by screening with the MINI-Plus as shown by screening with the MINI-Plus version of the Mini-International Neuroversion of the Mini-International Neuropsychiatric Interview (Sheehan psychiatric Interview (Sheehan et al et al, 1998) . , 1998). After complete description of the study to After complete description of the study to the participants, written informed consent the participants, written informed consent was obtained. was obtained.
Schizophrenia-spectrum traits were Schizophrenia-spectrum traits were measured with the Schizotypal Personality measured with the Schizotypal Personality Questionnaire (SPQ; . The Questionnaire (SPQ; . The SPQ is regarded as an indicator of genetic SPQ is regarded as an indicator of genetic vulnerability to schizophrenia, since there vulnerability to schizophrenia, since there is a gradient increase in schizotypal traits is a gradient increase in schizotypal traits in relatives of patients with schizophrenia in relatives of patients with schizophrenia that is in proportion to the risk of that is in proportion to the risk of schizophrenia associated with the degree schizophrenia associated with the degree of kinship with the affected family memof kinship with the affected family member (Vollema ber (Vollema et al et al, 2002) . Factor analyti-, 2002). Factor analytical studies have revealed three dimensions cal studies have revealed three dimensions of schizotypy: positive, negative and disof schizotypy: positive, negative and disorganised. organised.
The Positive and Negative Syndrome The Positive and Negative Syndrome Scale (PANSS, Kay Scale (PANSS, Kay et al et al, 1987) , a widely , 1987), a widely used structured interview to assess sympused structured interview to assess symptom profiles in schizophrenia present in tom profiles in schizophrenia present in the week prior to interview, was also the week prior to interview, was also included. This allows categorisation of neincluded. This allows categorisation of negative, positive and general symptoms. gative, positive and general symptoms.
The National Adult Reading Test The National Adult Reading Test (Nelson, 1982 ) and Raven's Advanced (Nelson, 1982 ) and Raven's Advanced Progressive Matrices were Progressive Matrices were used to estimate verbal IQ and performance used to estimate verbal IQ and performance IQ respectively. Group differences were IQ respectively. Group differences were tested using analysis of variance (ANOVA). tested using analysis of variance (ANOVA). Effect sizes are given as Cohen's Effect sizes are given as Cohen's d d. .
RESULTS RESULTS
In the Klinefelter group the mean level of In the Klinefelter group the mean level of schizotypal traits on the SPQ was signifischizotypal traits on the SPQ was significantly higher than in the control group cantly higher than in the control group ( (F F (1,56) (1,56) ¼36.67, 36.67, P P5 50.0001). Scores on all 0.0001). Scores on all individual sub-scales were significantly individual sub-scales were significantly greater (see data supplement to the online greater (see data supplement to the online version of this paper). Effect sizes were version of this paper). Effect sizes were 1.43, 1.31 and 1.81 for the negative, posi-1.43, 1.31 and 1.81 for the negative, positive and disorganised dimensions respective and disorganised dimensions respectively. The importance of these findings is tively. The importance of these findings is illustrated by comparing them with findings illustrated by comparing them with findings in schizophrenia: a study of 93 patients in schizophrenia: a study of 93 patients with schizophrenia and 172 healthy controls with schizophrenia and 172 healthy controls reported effect sizes (Cohen's reported effect sizes (Cohen's d d) for mean ) for mean total SPQ score of 1.95, for positive schizototal SPQ score of 1.95, for positive schizotypy 1.86, for negative schizotypy 1.83 and typy 1.86, for negative schizotypy 1.83 and for disorganised schizotypy 1.45 (Rossi & for disorganised schizotypy 1.45 (Rossi & 4 5 9 4 5 9 Fig. 1 . No signiftoms. Results are shown in Fig. 1 . No significant group difference was observed for IQ. icant group difference was observed for IQ.
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DISCUSSION DISCUSSION
Our study shows that the 47,XXY karyoOur study shows that the 47,XXY karyotype is strongly associated with high levels type is strongly associated with high levels of schizophrenia-spectrum pathology. This of schizophrenia-spectrum pathology. This was evident in dimensional measures of was evident in dimensional measures of schizotypal traits (SPQ) as well as schizoschizotypal traits (SPQ) as well as schizophrenia symptoms (PANSS). Notably, the phrenia symptoms (PANSS). Notably, the effect sizes of schizotypy levels effect sizes of schizotypy levels approached those found in people with approached those found in people with schizophrenia (Rossi & Daneluzzo, 2002; schizophrenia (Rossi & Daneluzzo, 2002; Vollema Vollema et al et al, 2002) . Although healthy , 2002). Although healthy first-degree relatives of patients with first-degree relatives of patients with schizophrenia also have elevated schizotypy schizophrenia also have elevated schizotypy scores, their schizotypy levels are subscores, their schizotypy levels are substantially lower than those of the patients stantially lower than those of the patients (Vollema (Vollema et al et al, 2002) . Thus, the liability , 2002). Thus, the liability to schizophrenia might be higher in to schizophrenia might be higher in Klinefelter's syndrome than in relatives of Klinefelter's syndrome than in relatives of people with schizophrenia. Treatment in people with schizophrenia. Treatment in Klinefelter's syndrome is currently focused Klinefelter's syndrome is currently focused on medical problems, but our data suggest on medical problems, but our data suggest it is it is important to screen men with this synimportant to screen men with this syndrome for mental illness, in particular drome for mental illness, in particular schizophrenia-spectrum disorders. schizophrenia-spectrum disorders.
Furthermore, our findings suggest a link Furthermore, our findings suggest a link between a X chromosomal abnormality between a X chromosomal abnormality and liability to schizophrenia. This might and liability to schizophrenia. This might be useful in the search for the genetic be useful in the search for the genetic aetiology of schizophrenia. A crucial role aetiology of schizophrenia. A crucial role for X chromosome abnormalities in this for X chromosome abnormalities in this context has been proposed by Lishman context has been proposed by . Specifically, it has been argued that (1998). Specifically, it has been argued that reduced cerebral lateralisation may contrireduced cerebral lateralisation may contribute to the development of schizophrenia, bute to the development of schizophrenia, possibly involving abnormal expression of possibly involving abnormal expression of a gene on the X chromosome directing a gene on the X chromosome directing development of cerebral asymmetry (Crow, development of cerebral asymmetry (Crow, 2002) . Interestingly, reduced cerebral 2002). Interestingly, reduced cerebral asymmetry has also been reported in asymmetry has also been reported in Klinefelter's syndrome. Klinefelter's syndrome.
The prevalence of Klinefelter's The prevalence of Klinefelter's syndrome in the general population is syndrome in the general population is 0.1-0.2% (Lanfranco 0.1-0.2% (Lanfranco et al et al, 2004 (Lanfranco et al et al, ), but , 2004 , but two studies indicate that the prevalence two studies indicate that the prevalence among people with schizophrenia may be among people with schizophrenia may be much higher (DeLisi much higher (DeLisi et al et al, 1994; Kunugi , 1994; Kunugi et al et al, 1999) , lending further support to a , 1999), lending further support to a link between X chromosomal abnormalities link between X chromosomal abnormalities and liability to schizophrenia. Also, our and liability to schizophrenia. Also, our findings are consistent with a report of findings are consistent with a report of auditory hallucinations in 4 out of 11 men auditory hallucinations in 4 out of 11 men with Klinefelter's syndrome (DeLisi with Klinefelter's syndrome (DeLisi et al et al, , 2005) . Research in Klinefelter's syndrome 2005). Research in Klinefelter's syndrome may reveal specific genotype-phenotype asmay reveal specific genotype-phenotype associations. Endophenotypes in schizosociations. Endophenotypes in schizophrenia (i.e. expressions of a genetic phrenia (i.e. expressions of a genetic predisposition at a neural or cognitive level) predisposition at a neural or cognitive level) that are shared by Klinefelter's syndrome that are shared by Klinefelter's syndrome and schizophrenia may be the result of an and schizophrenia may be the result of an X chromosomal abnormality. X chromosomal abnormality.
As many men with Klinefelter's As many men with Klinefelter's syndrome remain undiagnosed, our sample syndrome remain undiagnosed, our sample may not be completely representative. In spite may not be completely representative. In spite of this, we believe that the effect sizes we reof this, we believe that the effect sizes we report convincingly indicate a relationship beport convincingly indicate a relationship between Klinefelter's syndrome and tween Klinefelter's syndrome and schizophrenia-spectrum pathology, although schizophrenia-spectrum pathology, although the possibility that effect sizes might be attethe possibility that effect sizes might be attenuated in a representative sample from the nuated in a representative sample from the general population cannot be excluded. general population cannot be excluded. 4 6 0 4 6 0 Fig. 1 Schizophrenia-spectrum pathology scores in Schizophrenia-spectrum pathology scores in
